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BSA：bovine serum albumin，牛血清白蛋白 
CP：capsid protein，衣壳蛋白 
DTT：dethiothreitol，二硫苏糖醇  
EDTA：thylene minetetraacetic acid，乙二胺四乙酸 
His：Histidine，组氨酸 
V5：来自猿猴病毒 5(SV5)副粘病毒的 P 和 V 蛋白的 14 氨基酸肽 
TEM：Transmission electron microscopy，透射电镜 
IPTG：isopropyl-beta-D-thiogalactopyranoside，异丙基-β-D-半乳糖苷 
ORF：open reading frame，开放阅读框 
PAGE：polyacrylamide gel electrophoresis，聚丙烯酰氨凝胶电泳 
PTA：phosphotungstic acid，磷钨酸 
SDS：sodium dodecyl sulfate，十二烷基硫酸钠 
EDTA：thylene minetetraacetic acid,yieransiyisua，乙二胺四乙酸 
eEGP：enhanced Green Florescent Protein，增强型绿色荧光蛋白 
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组技术，在载体 pET-28a-V5 和 pET-His 上构建了 3 种蛋白的系列缺失突变表达
质粒。通过共转化的技术，共同表达分别带有 V5 标签和 His 标签的多肽，利用
Co-IP 等蛋白质相互作用的技术，鉴定了 VP28/VP24 及 VP24 /VP26 之间相互作
用的具体结合区域。结果发现 VP24 上存在 3 个与 VP28 相互作用的位点，分别
为：N 端 46/61aa、C 端 148/172aa、C 端 189/208aa；VP28 上存在 1 个与 VP24
作用位点为 N 端 31/65aa；此外 VP24 上存在 3 个与 VP26 相互作用位点，分别
为 N 端 26/46aa、C 端 148/172aa、C 端 189/208aa；VP26 上存在一个与 VP24 作




















































White spot syndrome virus (WSSV) is a rod-shaped, large (about 300kb) 
doubled-stranded DNA virus with a two-double envelops, which can not generate the 
inclusion body. The WSSV belongs to the Nimaviridae family. As a major pathogen in 
the cultured penaeid shrimp, WSSV has both wide range of hosts in crustaceans and 
high infection and mortality rate, so it is hard to be controlled. Therefore, WSSV is 
not only a significant threat to the shrimp industry but also to all of the marine 
ecology and environment. This thesis mainly focuses on searching the specific 
interaction domains among the virus structural proteins. In addition, the thesis is also 
concerned about the assembly mechanism and physicochemical tolerance of capsids 
research. The work mainly includes the two following aspects: 
(1) As the main structure proteins, VP24 (wsv002), VP26 (wsv311) and VP28 
(wsv421) occupy the major proportion of the envelop and tegment proteins, with 
interactions between any two proteins of them. For a better understanding and more 
global vision of the particular interaction domains and the form of combination which 
belong to envelop and tegment proteins, we firstly cloned the mutantional genes of 
VP24, VP26 and VP28 and combined them to the corresponding vectors pET-28a-V5 
or pET-His respectively by using the molecular techniques like PCR and genome 
recombination. Through bacterial protein-co-expression and co-transfer, the 
polypeptides with either His or V5 tag were expressed together. We found the specific 
domains in the interactions between both VP28 & VP24 and VP28 & VP24 by using 
the Protein-Protein interaction experiments such as Co-IP. The results show that: 
VP24 has three domains (N-region 46/61aa, C-region 148/172aa, C-region 189/208aa) 
which interact with VP28, and VP28 has one domain (N-region 31/65aa) interacting 
with VP24. Besides, VP24 has three domains (N-region 26/46aa, C-region148/172aa, 
C-region189/208aa) which interact with VP26, while VP26 has only one interactive 















(2) Although the nucleocapsid of WSSV contains a few structure proteins, the 
researches of them are very limited.In order to find out the stability and assembly 
mechanism of nucleocapsid, we used the capasids excluded DNA as the object of 
study instead of the nucleocapsid to avoid the influence caused by the DNA.After that, 
we dealed the capsid with various conditions (temperature, pH, urea, SDS, urea or 
SDS mixes with β-Mercaptoethanol) and analysed the results by SDS-PAGE and 
TEM. Subsequently, we confirmed that capsid’s structure kept stable when the 
temperatures were 37℃ or 45℃, but the capsid’s specific structure began to change 
and disappear gradually,coupling with the temperature rose up to 60℃, 80℃, 100℃ 
step by step. However, the framework of capsid still remained. Although structures of 
capsids were not influenced at the conditions of pH 9.0, pH 9.5, pH 10.0, the 
structures started to loose and depolymerize when the pH reached 10.5. Finally, the 
pH 11.0 caused degradation of capsids without any fundamental structures left. At the 
low concentration of urea, the capsids would begin to change first in the 2M urea 
treatment lasting for 24 hours. And the existence of magnesian ion could delate the 
process to 2.5M urea treatment last for 12 hours. The change and depolymerization of 
capsids’ structrures happened when they were treated with 1mM SDS. Even though 
the mixture conditions (2mM SDS mixes with 5%β-Mercaptoethanol) could cause 
fierce depolymerization of the capsid, they could not depolymerize the capsomeres. 
Furthermore, the capsids were treated mixture buffer (1.6 M high salts and 2M urea) 
with different conditions (pH 10.0, ultrasonication, multigelation) in order to acquire 
the capsomeres. The results demonstrated that the capsomers might exist in monomer 
or polymer.  
To sum up, it is meaningful to study and indentify the specific interaction domains 
between the structural proteins and the assembly mechanism and physicochemical 
tolerance of capsids which may help us to better understand the construction, 
assembly, maturation and invasion mechanisms of WSSV. Moreover, our research 
results will lay the scientific basis for WSSV prevention. 
 
































后的研究中 Lo[16]利用 PCR 技术比较研究了不同对虾白斑病毒分离株的 DNA 序
列，发现 PCR 产物只存在少许差别。根据以上研究结果，可以看出各地发现的
白斑综合症病毒株之间差异很小，应为同一种新型病毒。Lightner[17]等建议将这
类杆状病毒统一命名为白斑综合症病毒(White spot syndrome virus, WSSV)，该命
名逐渐得到普遍的认可。2005 年，国际病毒分类委员会( ICTV) 第 8 次报告把
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